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determine the rupture directivity of teleseismic events. For the directivity to be resolved well, the fault length must be large enough and, since our method applies slant-stacking to direct P wave seismograms, the epicenter must be in the geocentric distance range of 30 to 90 deg to avoid triplications. Seismograms for 37 big earthquakes were compiled by the Data Center of the POSEIDON network for the period 1989 to 1990. The 1989 Macquarie Ridge earthquake, investigated in Paper I, was the greatest among them (MS 8.1: ISC), rupturing about 100 km along the fault. The 1990 Manjil earthquake, studied here, is the only other event with a magnitude greater than 7.5 that lies in the above noted epicentral distance range. We analyzed the short-period body wave data from 10 and 9 stations of the POSEIDON network in Japan, respectively, for the P and SH waves, the epicentral distances ranging from 65 to 70 deg, although the SH seismograms from 2 stations had to be discarded because of poor data quality (Fig. 1) . As a result, the maximum array aperture is 22.0 and 13.4 deg for the P and SH waves, respectively.
We conducted the analysis with many different frequency components by trial and error. The higher the frequency window for analysis, with the better spatial resolvability we can resolve the source directivity (see Appendix). However, we found out that the large amplitude waves about 15 s after the initial onset, which is related with the largest moment release (e.g., Campos et al., 1994) do not reflect themselves in the components with a higher cutoff frequency greater than 0.4 Hz. This means that the results of analysis conducted in such frequency components would not properly reflect the actual physical processes of the earthquake source. We thus present here the results obtained in the The results of analysis are given in Figs. 4-5, in which the brightest spot corresponds to the apparent center of radiation. The panels give subsequent snapshots taken every 2.5 s. It should be noted here, however, that our method of analysis is not capable of giving any information on the absolute location of the apparent radiation center, since we are only concerned with relative, not absolute, travel times. Though the location of the apparent radiation center is poorly constrained in the NE-SW direction, the constraint is satisfactory to the NW-SE along the strike of the mainshock fault (see Appendix).
For both the P and SH waves, the apparent radiation center is initially stagnant, and then begins to migrate towards the SE about 20 s after the initial onset, except that the semblance is slightly poorer for the SH waves than for the P waves. Past 25 s, coherency among the seismograms is so low that it precludes any meaningful inter- pretation. It is inferred from these results that the source directivity was largely bilateral for about 20 s after the rupture initiation, and then turned southeastward unilateral, well after the arrival of the Iargest amplitude signal. On the other hand, based on the model of Campos et al. (1994) , the directivity is expected to change from bilateral to southeastward unilateral about 10 s after the Fig. 4 . Semblance distribution maps showing the location of the apparent radiation center of the short-period teleseismic P waves (frequency range 0.25 to 0.35 Hz). The panels give subsequent snapshots taken every 2.5 s. The contour lines are drawn for every 8% of the maximum semblance (indicated above each panel), no shading corresponding to greater than 90%, and the darkest shading to less than 10%, of the maximum semblance. The center of the brightest spot gives the location of the apparent radiation center of the seismic waves. initial onset, prior to the largest amplitude signal. This is discordant with our results. We have conducted repeated synthetic tests which demonstrate that the effects of random noise cannot explain this disagreement. We thus speculate that the discrepancy in the estimated time of directivity change between their model and ours either stems from some unknown local structural anomaly or from some still unresolved processes of the source rupture. How this discrepancy can be reconciled still awaits future investigation.
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